Abstract. Kruppel-like factor 4 (KLF4) has been implicated in a number of different types of cancer; however, the role of KLF4 in papillary thyroid cancer remains elusive. The present study aimed to investigate the role of KLF4 in papillary thyroid cancer and its potential underlying molecular mechanisms. The expression of KLF4 in thyroid tumor tissue and adjacent non-cancerous tissues were detected via immunohistochemistry and western blotting. The papillary thyroid cancer cell line, KTC1, was transfected with viruses carrying KLF4 overexpression vectors. The relative expression of KLF4, E-cadherin, N-cadherin, Vimentin, matrix metalloproteinase (MMP)2, MMP9 and collagen was detected via quantitative-PCR. The viability of KTC1 cells was detected using a cell counting kit-8 assay at 24, 48 and 72 h. Cell invasion was examined via a transwell invasion assay. Cell migration was examined via a scratch migration assay at 0 and 24 h. Compared with adjacent non-cancerous tissues, the expression of KLF4 was significantly lower in thyroid tumor tissues. The expression of KLF4 in KTC1 cells were significantly increased compared with the blank or negative control groups. The expression of N-cadherin, MMP2, MMP9 and collagen was significantly decreased in the KLF4 overexpression group. The viability of KTC1 cells was markedly decreased in KLF4 overexpression group at 24, 48 and 72 h when compared with the blank or negative control groups. The invasion of KTC1 cells in the KLF4 overexpression group was markedly decreased. Compared with the negative control group, the KTC1 cell migration in the KLF4 overexpression group was markedly decreased at 24 h. The expression of KLF4 was also significantly lower in thyroid tumor tissues. The cell viability, tumor invasion and migration ability and expression levels of N-cadherin, MMP2, MMP9 and collagen in papillary thyroid cancer cells were markedly decreased with KLF4 overexpression.
Introduction
There were >3,000,000 cases of thyroid cancer worldwide in 2015 and 31,900 deaths occurred as a result in the same year (1) . Thyroid cancer most commonly occurs between the ages of 35 and 65 years, with women affected more frequently (2) . Papillary thyroid cancer is the most common type of thyroid cancer, accounting for 75-85% of all thyroid cancer cases (3). Its incidence has tripled between 1975 and 2012, with the incidence in 2012 being 14.9 per 100,000 individuals (4) . Papillary thyroid cancer is the most common thyroid cancer in children, as well as in those who had previously received radiation therapy to the head and neck (5) . It has also been observed in patients with a family history of syndromes, including multiple endocrine neoplasia type 2 and familial adenomatous polyposis (6) .
Kruppel-like factor 4 (KLF4) has been implicated in a number of different types of cancer, such as gastric cancer (7), lung cancer (8) and colorectal cancer (9) . MicroRNA (miR)-7 has been previously demonstrated to suppress the metastasis of breast cancer stem-like cells into the brain via KLF4 modulation (10) . Epigenetic inactivation of KLF4 has been reported to be associated with the progression and early recurrence of urothelial cancer (11) . The KLF4/Musashi 2 signaling pathway is also known to regulate the growth and metastasis of pancreatic cancer (12) . Additionally, KLF4 was revealed to suppress the proliferation of estrogen-dependent breast cancer by inhibiting the transcriptional activity of estrogen receptor-α (13) . miR-25 has been reported to enhance non-small cell lung cancer cell migration and invasion by inhibiting KLF4 via the extracellular signal-regulated kinase (ERK) signaling pathway (14) . The progestin-induced suppression of miR-29 has been demonstrated to promote the dedifferentiation of breast cancer cells via KLF4 (15) . However, the role of KLF4 in papillary thyroid cancer remains elusive.
E-cadherin is an adhesion molecule that suppresses the invasion of various tumor cells (16) . N-cadherin is also a transmembrane protein that functions to mediate cell-cell adhesion (17) . The co-expression of E-cadherin and Vimentin is associated with the invasion and metastasis of breast cancer (18) .
Additionally, matrix metalloproteinase (MMP) 2 was revealed to be suppressed by regulatory T cells and was determined to be involved the regulation of urinary bladder cancer cell invasion (19) . The gene expression of MMP9 is regulated by epigenetic modifications in breast cancer (20) . Collagen was also revealed to be elevated in the serum of patients with non-small cell lung cancer (21) . However, how KLF4 affects the expression of E-cadherin, N-cadherin, Vimentin, MMP2, MMP9 and collagen in papillary thyroid cancer remains unclear.
Therefore, the present study aimed to investigate the role of KLF4 in papillary thyroid cancer and to determine potential underlying molecular mechanisms.
Materials and methods

Reagents and patients. Primers and probes, TRIzol
® reagent, SuperScript III Reverse Transcriptase, SYBR qPCR mix kit was purchased from Invitrogen; Thermo Fisher Scientific, Inc. DMEM was purchased from Gibco (Thermo Fisher Scientific, Inc.).
Thyroid cancer tissues together with the adjacent non-tumor tissue were surgically removed from 8 patients who were admitted to Baoshan District Integrated Traditional Chinese and Western Medicine Hospital (Shanghai, China) between December 2016 and November 2017. The distance between adjacent non-tumor tissue and the boundary of the cancer tissue was ~1 cm. All patients were diagnosed with papillary thyroid cancer and their clinicopathological characteristics were recorded (Table I) (22, 23) . After the study was explained, all patients provided written informed consent. The present study was approved by the Institutional Research Board of Baoshan District Integrated Traditional Chinese and Western Medicine Hospital (Shanghai, China).
Immunohistochemistry (IHC).
Tumor tissues and adjacent non-tumor tissues were embedded in paraffin and cut into slides (5 µm thick). Slides were fixed in 4% paraformaldehyde for 10 min at room temperature, blocked with 5% bovine serum albumin (Bio-west, Inc.) at room temperature for 30 min and incubated with primary antibodies against KLF4 (1:500; cat. no. Bs-1064R; Bioss Antibodies, Inc.) at 4˚C overnight. Following overnight incubation, slides were washed with PBS and incubated in the dark with FITC-conjugated goat anti-rabbit secondary antibodies (1:1,000; cat. no. ab6717; Abcam) at room temperature for 1 h. Slides were subsequently washed with PBS (3 times; each, 30 sec). Slides were prepared with mounting media and Antifades (Invitrogen; Thermo Fisher Scientific, Inc.) and observed using a fluorescence microscope (magnification, x100). The mean intensity, calculated by multiplying the area (size) and average density of fluorescence, was evaluated using Image-Pro Plus software (version 7; Media Cybernetics, Inc.).
Western blot analysis. The protein expression of KLF4 in tumor tissues and adjacent non-cancerous tissues was detected via western blot analysis. In addition, the protein expression of N-cadherin, MMP2, MMP9 and collagen in KTC1 cells were detected via western blotting. Tissues were digested and lysed in lysis buffer (cat. no. P0013; Beyotime Institute of Biotechnology) at 4˚C with inhibitors of phosphatase and protease (cat. no. P1045; Beyotime Institute of Biotechnology). The lysis mixture was centrifuged at 4˚C for 10 min at 10,000 x g and the supernatant containing cellular proteins was utilized in the following experiments. Protein concentration was determined using a BCA kit. Proteins were separated via SDS-PAGE (10% gel; 40 µg loaded per lane; 120 V). Separated proteins were then transferred to PVDF membranes (100 V for 120 min; Beyotime Institute of Biotechnology), which were subsequently blocked with 5% non-fat milk at room temperature for 1 h. Membranes were then incubated with the following primary antibodies obtained from Abcam at 4˚C overnight: Anti-KLF4, anti-N-cadherin (cat. no. ab18203), anti-MMP2 (cat. no. ab97779), anti-MMP9 (cat. no. ab228402), a nt i-col lagen (cat. no. ab138492), a nt i-GA PDH (cat. no. ab181602) and anti-β-actin (cat. no. ab8227; all 1:1,000). Membranes were washed with Tris-buffered saline containing Tween 20 and incubated with horseradish peroxidase-conjugated goat anti-rabbit secondary antibodies (cat. no. ab6721; 1:2,000; Abcam) at room temperature for 1 h. Membranes were incubated in enhanced chemiluminescence solution (Beyotime Institute of Biotechnology). Images were captured on film (Beyotime Institute of Biotechnology) in a dark room. Experiments were repeated three times. The western blot images were quantified in greyscale using ImageJ software (version 1.5.2; National Institutes of Health).
Construction of recombinant plasmids and lentiviral packaging.
cDNA sequence of KLF4 (NM_004235) was synthesized and subcloned into lentivirus vector pL6.3-CMV-GFPa1-IRES-MCS (Novobio) for lentivirus production. The KLF4 recombinant lentivirus vector, pL6.3-CMV-GFPa1-IRES-KLF4, was confirmed by Sanger sequencing (24) .
Packaging mix (9 µg; Novobio) and KLF4 recombinant lentiviral plasmids (3 µg) were added into Opti-Minimum Essential Medium (Opti-MEM; Thermo Fisher Scientific Inc.) and mixed. Lipofectamine™ 2000 (36 µl; Thermo Fisher Scientific Inc.) was mixed with Opti-MEM (1.5 ml) and incubated at room temperature for 5 min. The plasmid solution and diluted Lipofectamine 2000 were then mixed and incubated at room temperature for 5 min. The mixture was added into a culture dish with 293 T cells (Novobio), and cells were cultured for 48 h. Cell supernatants were then collected, centrifuged at 1,500 x g for 10 min at room temperature and filtered. The lentivirus solution was then condensed via centrifugation at 50,000 x g for 2 h at 4˚C and re-suspended in DMEM. KLF4 recombinant lentivirus was derived.
The human papillary thyroid carcinoma cell line KTC1 (3x10 5 cells/well in six-well plates) was transfected with the pL6.3-CMV-GFPa1-IRES-KLF4 and pL6.3-CMV-GFPa1-IRES-MCS (control). The transduction MOI was 30. Quantitative PCR (qPCR) was utilized to detect the efficiency of KLF4 overexpression after 48 h. There was no transfection in blank group.
Reverse transcription-quantitative PCR (RT-qPCR).
The expression of E-cadherin, N-cadherin, Vimentin, MMP2, MMP9 and collagen in KTC1 cells was detected via qPCR. Total RNA was extracted using TRIzol ® reagent, according to the manufacturer's protocol. A universal cDNA synthesis kit (Invitrogen Thermo Fisher Scientific, Inc.) was utilized for reverse transcription at 42˚C for 1 h. Each reaction contained 0.5 µl random hexamers primers (dN6; 0.2 µg/µl; Novobio) and 1 µl SuperScript III reverse transcriptase (200 U/µl). The specific primers used are listed in Table II . PCR was performed using a SYBR qPCR mix kit (Invitrogen; Thermo Fisher Scientific, Inc.). The PCR conditions were as follows: Pre-denaturation at 95˚C for 2 min; 40 cycles of denaturation at 95˚C for 10 sec annealing at 60˚C for 30 sec and polymerization at 70˚C for 45 sec. qPCR was performed using a CFX96 Touch™ Real-Time PCR Detection system (Bio-Rad Laboratories, Inc.). Gene expression was determined and normalized to β-actin. The primer used for rat β-actin was as follows: Forward, 5'-AGG GAA ATC GTG CGT GAC-3' and reverse, 5'-CGC TCA TTG CCG ATA GTG-3'. The 2 -∆∆Cq method was utilized to measure PCR results (25) .
Cell viability assay. The viability of KTC1 cells was measured using a cell counting kit-8 (CCK-8; Dojindo Molecular Technologies, Inc.) cell viability assay at 24, 48 and 72 h after KTC1 cells were transfected with the aforementioned viruses. CCK-8 solution was added to each well and incubated at 37˚C for 4 h. The absorbance was subsequently measured using a microplate reader at 490 nm. Relative tumor cell viability rate was calculated by dividing the reading of each group at 24, 48 and 72 h by the baseline reading at 0 h. Experiments were repeated three times.
Transwell invasion assay. The membrane of the upper compartment was coated with Matrigel (1 g/l; 50 µl), which was allowed to solidify via incubation at 37˚C for 1 h. KTC1 cell suspension (1x10 4 cells/ml, 200 µl) in 2% DMEM was added to the upper compartment of each Transwell insert, while 800 µl DMEM with 10% FBS (HyClone; GE Healthcare Life Sciences) was added to the lower compartment. Cells were incubated at 37˚C for 24 h. Subsequently, 4% paraformaldehyde was utilized to fix cells on the microporous membrane at room temperature for 30 min. Cells on the lower side of the membrane were stained with 1% crystal violet at room temperature for 10 min and washed with PBS twice. Cells were then observed under Olympus IX50 fluorescent microscope (magnification, x400; Olympus Corporation) and the number of cells that had transgressed through the membrane was counted. Relative tumor cell invasion was calculated by dividing the average number of cells that invaded through the membrane in the experimental groups by that in the blank group. Experiments were repeated three times.
Scratch migration assay.
A confluent monolayer of KTC1 cells was used in the scratch migration assay. A marker pen was used to draw a straight line at the back of plate. Pippet tips were utilized to draw scratch lines vertical to the straight line on the second day. PBS was used to wash cells three times and DMEM without serum was added. Images were taken under Olympus IX50 (magnification, x400) and cultured in an incubator with 5% CO 2 at 37˚C. Images were then taken at 24 h and migration distances were calculated under the same field using Image-Pro Plus software. Migration distance at 24 h relative to 0 h was recorded for both negative control and overexpression groups. Then relative migration distances were normalized to the negative control group.
Statistical analysis. Experiments were repeated three times. Statistical data was analyzed using GraphPad Prism software (version 5.0; GraphPad Software Inc.). The results are presented as the mean ± standard deviation. Differences among more than three groups were compared by a one-way analysis of variance followed by the Bonferroni post-hoc test. Differences between two groups were compared using Student's unpaired t-test. P<0.05 was considered to indicate a statistically significant difference. Age (years)  66  50  57  35  55  48  48  52  Sex  F  F  F  M  M  F  F  F  TNM  T1aN0M0  T1aN1M0  T1N1M0  T1aN1M0  T1aN1M0  T1aN0M0  T1bN0M0  T1bN0M0  Tumor stage  I  III  III  I  III  I  I  I F, female; M, male; TNM, tumor, node and metastasis. TNM classification (22) . Tumor stage was determined according to the American Thyroid Association risk of recurrence staging system for initial assessment of risk of recurrence (23). 
Results
Expression of KLF4 is significantly lower in thyroid tumor
tissue. The expression of KLF4 in thyroid tumor tissue and paracarcinoma tissue was detected by IHC. In the microscopic image of KLF4 staining (Fig. 1) , positive cell nucleus was stained by diaminobenzidine (DAB) and appeared as brown. Negative cell nucleus was stained by hematoxylin and appeared as blue. Compared with adjacent non-cancerous tissue, the protein expression of KLF4 was significantly lower in thyroid tumor tissue (P<0.001; Fig. 1 ). In addition, the protein expression of KLF4 in tumor and adjacent non-cancerous tissue was detected via western blot analysis. The protein expression of KLF4 was markedly lower in thyroid tumor tissue when compared with adjacent non-cancerous tissues (P<0.05; Fig. 2 ).
Confirmation of KLF4 overexpression. KTC1 cells were transfected with viruses carrying KLF4 overexpression vectors. The relative expression of KLF4 was detected via qPCR. The expression of KLF4 in KTC1 cells was significantly increased compared with the blank or negative control groups (P<0.001; Fig. 3) .
Expression of N-cadherin, MMP2, MMP9 and collagen is
significantly decreased in the KLF4 overexpression group. The mRNA levels of E-cadherin, N-cadherin, Vimentin, MMP2, MMP9 and collagen in KTC1 cells were detected via qPCR. The protein expression of N-cadherin, MMP2, MMP9 and collagen in KTC1 cells were confirmed by western blotting. Among all the genes screened, the mRNA expression of N-cadherin, MMP2, MMP9 and collagen were significantly decreased in the KLF4 overexpression group when compared with the blank or negative control groups (P<0.05 for N-cadherin and MMP2; P<0.01 for MMP9; P<0.001 for collagen; Fig. 4) . No significant differences were observed in the levels of E-cadherin and Vimentin (Fig. 4) . In addition, the protein expression of N-cadherin, MMP2, MMP9 and collagen were significantly decreased in the KLF4 overexpression group when compared with blank or negative control group (P<0.01 for N-cadherin; P<0.001 for MMP-2, MMP-9 and collagen; Fig. 5 ). 
Invasion of papillary thyroid cancer cells in the KLF4 overexpression group is significantly decreased.
Cell invasion was investigated using a transwell invasion assay. Compared with the negative control group, the invasion of KTC1 cells in the KLF4 overexpression group were significantly decreased (P<0.01; Fig. 7) .
Migration of papillary thyroid cancer cells in the KLF4 overexpression group is significantly decreased at 24 h.
Cell migration ability was examined via a scratch migration assay at 0 and 24 h. Compared with the negative control group, the migration of KTC1 cells in the KLF4 overexpression group was significantly decreased at 24 h (P<0.01; Fig. 8 ). 
Discussion
The present study demonstrated that the expression of KLF4 was significantly lower in thyroid tumor tissue compared with adjacent non-cancerous tissue. The viability, invasion and migration of cells, and the expression of N-cadherin, MMP2, MMP9 and collagen in papillary thyroid cancer cells were markedly decreased following KLF4 overexpression.
KLF4 has been reported to inhibit the proliferation of colorectal cancer cells via NMYC downstream-regulated gene 2 (26) . Furthermore, KLF4 suppressed estrogen-dependent breast cancer growth by inhibiting the transcriptional activity of the estrogen receptor (27) . KLF4 has also been demonstrated to inhibit the invasion of lung cancer cells by suppressing secreted protein acidic and cysteine rich gene expression (27) . F-box protein-32 suppressed the tumorigenesis of breast cancer by targeting KLF4 for proteasomal degradation (28) . In addition, the long non-coding RNA small nucleolar RNA host gene 5/miR-32 axis was revealed to regulate gastric cancer cell proliferation and migration by targeting KLF4 (29) . KLF4 and KLF5 regulated the proliferation, apoptosis and invasion of esophageal cancer cells (30) . Meanwhile, KLF4 was revealed to regulate adult lung tumor-initiating cells and repress K-Ras-mediated lung cancer (31) . To the best of our knowledge, the present study revealed for the first time that the expression of KLF4 was significantly lower in thyroid tumor tissue when compared with adjacent non-cancerous tissues, and the viability, tumor invasion and migration of papillary thyroid cancer cells were significantly decreased following the overexpression of KLF4. These results may broaden the current understanding of the properties of KLF4, and shed light on possible therapeutic treatment of papillary thyroid cancer.
The present study revealed that the expression of N-cadherin, MMP2, MMP9 and collagen in papillary thyroid cancer cells were significantly decreased when KLF4 was overexpressed. N-cadherin expression in breast cancer has been demonstrated to be associated with an aggressive histological variant of invasive micropapillary carcinoma (32) . N-cadherin, as a novel prognostic biomarker, was reported to drive the malignant progression of colorectal cancer (33) . N-cadherin expression was also associated with enhanced invasion in erlotinib-resistant lung cancer cell lines (34) . In addition, Trop2 has been indicated to enhance the invasion of thyroid cancer by inducing MMP2 via ERK and Janus kinase pathways (35) . miR-29c suppressed the adhesion of lung cancer cell to the extracellular matrix, as well as metastasis, by targeting MMP2 (36) . The association between the MMP2-1306 C/T polymorphism and prostate cancer susceptibility was revealed in a meta-analysis based on 3,906 subjects (37) . Meanwhile, the downregulation of hepatoma-derived growth factor inhibited the migration and invasion of prostate cancer cells by suppressing MMP2 and MMP9 (38) . miR-133b was reported to inhibit the cell growth, migration and invasion by targeting MMP9 in non-small cell lung cancer (39) . Furthermore, the selective targeting of collagen IV in the cancer cell microenvironment was revealed to decrease tumor burden (40) . Losartan loaded liposomes improved the antitumor efficacy of liposomal paclitaxel via the inhibition of collagen in breast cancer (41) . In the present study, the significantly decreased expression of N-cadherin, MMP2, MMP9 and collagen in papillary thyroid cancer cells following KLF4 overexpression may impair the adhesion of thyroid cancer cells to the extracellular matrix, thus disrupting tumor invasion and migration.
Other factors may also account for the effects of KLF4 overexpression on tumor invasion and migration. KLF4 inhibited tumor growth and metastasis by targeting miR-31 in human hepatocellular carcinoma (42) . Podocalyxin-like (PODXL) promoted the metastasis of gastric cancer, whereas KLF4 downregulated PODXL and prevented metastasis (43) . miR-543 was also revealed to promote colorectal cancer proliferation and metastasis by targeting KLF4 (44) . In addition, KLF4-mediated suppression of CD44 signaling decreased the stemness and metastasis of pancreatic cancer (45) . Further studies are required to elucidate whether the aforementioned factors modulate the anti-metastasis effects of KLF4 in papillary thyroid cancer.
There are certain limitations to the present study. Normal thyroid cell lines were not used and there was no in vivo study. However, the present study detected the expression levels of KLF4 in human thyroid tumor tissue and adjacent normal tissues via IHC and western blotting. The experimental results in human tissues were consistent; therefore, similar experiments in normal thyroid cell lines or animals were not performed, which may or may not reflect the real situations in human.
In conclusion, the present study demonstrated that the expression of KLF4 was significantly lower in thyroid tumor tissue. The cell viability, tumor invasion and migration, and expression levels of N-cadherin, MMP2, MMP9 and collagen in papillary thyroid cancer cells were markedly decreased with the overexpression of KLF4. Although further research is required to elucidate the underlying molecular mechanisms, the present study may provide the foundations for future therapeutic measures targeting papillary thyroid cancer.
